This paper presents a mobile application and a web-based geographic information system for an efficient and cost-effective sharing of geological hazards information in East and Southeast Asia. The information system uses the Open Geospatial Consortium (OGC), Web Map Service (WMS) and Web Processing Service (WPS) for spatial data rendition and processing online. Free and Open Source Software (FOSS) is also used for other important spatial data processing and sharing operations. WMS and WPS are formulated to access and view the geological hazard data in the system's database. The mobile application is developed to access and share the system's geospatial contents by sending requests to these web services. The application also makes geological hazard mitigation measures more effective by incorporating the mobile device's GPS location information with geological hazard data. Information like the distance from the nearest active fault, active volcano and earthquake hypocenter can be easily determined using the application. The mobile application provides an interface for the users to easily access geological hazard information such as active fault, active volcanoes, shorelines inundated by tsunamis, and historical and real time seismic events. The widespread use of mobile devices with Internet connection makes geological hazard information dissemination very efficient using the application. The mobile application is called G-EVER Mobile. G-EVER stands for Asia Pacific Region Global Earthquake and Volcanic Eruption Risk Management consortium. The application can be accessed at https://ccop-geoinfo.org/gever-mo/index.php.
Introduction
An efficient and highly accessible geological hazard information system is indispensable for an effective geological hazard mitigation endeavor. This kind of information system requires the use of Geographic Information System (GIS) software to make it more efficient and cost-effective for spatial information processing, management and storage [1] [2] . Currently, the conventional spatial information system is inefficient in meeting the geospatial information and spatial data processing needs of many users because the GIS software and data are installed and stored in a standalone computer, respectively. A new type of spatial information system wherein the GIS software and geospatial data are installed and stored in a remote server is starting to be the preferred system for many kinds of endeavors needing geospatial data. The system has assigned Uniform Resource Locator (URL) that users with internet access can use to access the system for their spatial data processing needs. The information system is called Web-based Geographic Information System (WebGIS). WebGIS has been widely used in many endeavors needing geospatial data [e.g. [3] [4] [5] [6] [7] ]. The work of Bandibas and Takada [8] shows that it can be used to share diverse and huge volume of geospatial data. On the other hand, several research undertakings use WebGIS for processing and sharing hazard information to the general public. Miao and Yuan [9] designed the Information System for Geological Disaster Monitoring and Warning (ISGDM), a WebGIS used for geological disaster mitigation. Tobita et al. [10] developed an information system dedicated to promote earthquake disaster mitigation practices in Japan using WebGIS. On the other hand, Cozannet et al. [11] created a WebGIS system for disaster risk reduction in areas near volcanoes. Aye et al. [12] showed that WebGIS can be customized as an interactive tool for risk analysis of natural hazards like floods and landslides. Furthermore, WebGIS can also be utilized as a landslide early warning system as shown by the work of Hou et al. [13] . A WebGIS system has three main components: the Database, Web Services and Applications. The Web Services component provides a wide array of spatial data rendition, processing and retrieval functions, and serves as the go-between for the Application and the geospatial contents in the Database component. The spatial information system's set up follows the Spatial Data Infrastructure (SDI) model as proposed by Stefanakis and Prastacos [14] . Furthermore, the Open Geospatial Consortium (OGC) Web Map Service (WMS) and Web Processing Service (WPS) are widely used web services in WebGIS system. The use of mobile application in sharing geological hazard information to many users is very efficient because of the widespread use of mobile devices in recent years. The application formulates and sends the web services requests to the Web Services component of a WebGIS to access, render and share the geological hazard information in the system data-base. The location information provided by the mobile device can also make geohazard information more useful to many users.
Geological related natural disasters frequently happen in many countries in East and Southeast Asia. The Asia Pacific Region Global Earthquake and Volcanic Eruption Risk Management consortium's (G-EVER) main objective is to mitigate the effects of geological hazard in the region. Timely dissemination of geological hazard information is crucial to abate the effects of geological hazards. This paper presents a mobile application and a WebGIS system developed to efficiently share geological hazard information to the general public. The different components of the information system and the web services that are formulated to access, render and share geological hazard information will be explained. Details of the mobile application, how it is used to formulate the web services requests and share geological hazard information will also be presented. Furthermore, the use of the mobile device's location information to determine the distance between the user and geological phenomena will also be illustrated.
G-EVER WebGIS Components
The information system presented in this paper is called G-EVER WebGIS in the system's database. The mobile application accesses the system's geological hazard database by sending requests to the web services components, which will do the spatial data query and other spatial data processing functions.
Database
The G-EVER geospatial database is created and maintained using the open source 
Web Services
The Web Services component of the G-EVER WebGIS system uses the OGC WMS and WPS [17] which are used to query the database, display geological hazard information and implement other geospatial data processing functions.
The web services are formulated using the open source software Mapserver [18] .
WMS provides a simple Hypertext Transfer Protocol (HTTP) interface for requesting geo-registered map images from one or more distributed databases [19] . Figure 3 displays the main components of WMS. WMS services are formulated for all the maps stored in the G-EVER database. WMS request is in the form of a Uniform Resource Identifier (URI). When a request is sent to the WMS server, the WMS software queries the database using the information conveyed through the request URI and generates a response. Figure 4 shows the URI of a GetMap WMS request to query the G-EVER database and retrieve the active fault map covering East Asia.
The WPS provides a standard interface that simplifies the task of making simple or complex geospatial processing using HTTP. It provides a robust, interoperable, and versatile protocol for process execution of web services [20] . The G-EVER WebGIS system formulates several WPS to query the database and data upload and download. WPS requests are in the form of URI which could trigger geoprocessing by executing PHP scripts to execute Structure Query Language (SQL) codes for the requested geospatial processing function. 
G-EVER Mobile Application
The G-EVER mobile application is developed to enable the users to access the worldwide and major volcanic events with fatalities. Figure 7 lists the recent earthquakes worldwide displayed by the mobile device. Moreover, the application provides the list of all geological hazard maps in the G-EVER database.
Choosing a map on the list triggers the application to send a WMS GetMap request to the G-EVER system web services component, which then queries the database and returns the map images for viewing. It can also implement a WPS request when a user chooses a feature information on the map. Figure 8 explains the WMS and a WPS request implementation whenever a user chooses an active fault map, then double taps a fault trace in the northern Philippines. The G-EVER web services server processes the requests, then returns the results us active fault map images and information about the chosen active fault. The results are then displayed on the mobile screen as a map and an information pop-up. Figure 9 shows the secondary menu of the mobile application which provides an important interface for searching information in the G-EVER database, map overlay control, Google Maps and OpenStreetMap basemap choices, and location setup.
Hazard Map and GPS Data
Information about the distance between a location from the nearest geological phenomenon is very important for geological hazard mitigation. The information about the distance of a building to the nearest active fault, for example, is very critical in assessing ground deformation risk for that building. The G-EVER mobile application provides distances information to users using the GPS data and other relevant geospatial data. The application provides information about the distance between the device location and the nearest active fault, seismic event, coastal areas damaged by tsunami, and active volcanoes. Figure 10 
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Conclusion
The G-EVER Mobile and WebGIS system are successfully developed to share geological hazard information with the general public. The use of OGC web services and FOSS makes the sharing of the hazard information very efficient and cost-effective. The G-EVER mobile application makes geological hazard data more accessible to many users. The mobile application's access to the mobile device's GPS data enables the application to provide additional information that is very important for geological hazard risk mitigation.
